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Description
[Technical Field]

[0001] Embodiments described herein relate generally to a causal analysis device, a causal analysis method, and a
program.

[Background Art]

[0002] A causal analysis device that analyzes a causal relation between an incident and causal factors which cause
the incident is known in the related art. However, according to the related-art technology, if there are many factors
causing an incident, it is sometimes not possible to accurately analyze the relationship between the causal factors and
the incident.

[Citation List]

[Patent Literature]

[Patent Literature 1]

[0003] Japanese Unexamined Patent Application, First Publication No. 2015-49790
[Summary of Invention]

[Technical Problem]

[0004] An object to be achieved by the present invention is to provide a causal analysis device, a causal analysis
method, and a program which can more accurately analyze the cause of an incident which is caused by a plurality of
factors in combination.

[Solution to Problem]

[0005] A causal analysis device according to an embodiment includes an extractor, a counter, a calculator, and a
generator. The extractor is configured to perform extraction from combination data in which an incident and one or a
plurality of factors causing the incident are associated with each other in accordance with occurrence of combination
data. The counter is configured to count the number of occurrences of the incident or the number of occurrences of a
combination of the plurality of factors on the basis of a combination of the incident and the factors included in the
combination data. The calculator is configured to calculate an index value that corresponds to the combination of the
incident and the factors and changes in accordance with the number of occurrences of the combination of the incident
and the factors on the basis of a result of the counting of the counter. The generator is configured to generate an image
in which an image indicating the index value calculated by the calculator for each combination of the incident and the
factors is associated with the combination of the incident and the factors.

[Brief Description of Drawings]
[0006]

FIG. 1is a diagram showing an example of a configuration of a causal analysis device 1 according to a first embod-
iment.

FIG. 2A is a diagram illustrating factors occurring in a production line including a plurality of processes in the
embodiment.

FIG. 2B is a diagram illustrating factors occurring in a production line including a plurality of processes in the
embodiment.

FIG. 2C is a diagram illustrating factors occurring in a production line including a plurality of processes in the
embodiment.

FIG. 2D is a diagram illustrating factors occurring in a production line including a plurality of processes in the
embodiment.

FIG. 2E is a diagram illustrating factors occurring in a production line including a plurality of processes in the
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embodiment.

FIG. 2F is a diagram illustrating factors occurring in a production line including a plurality of processes in the
embodiment.

FIG. 3 is a diagram showing an example of a functional configuration of the causal analysis device 1 according to
the embodiment.

FIG. 4 is a diagram showing an example of collection data stored in a collection data storage unit 210 according to
the embodiment.

FIG. 5 is a diagram showing an example of extraction data 241 in the embodiment.

FIG. 6 is a diagram showing an example of count data 242 in the embodiment.

FIG. 7 is a diagram showing an example of reliability data 243 in the embodiment.

FIG. 8 is a flowchart showing an example of processing of the causal analysis device 1 according to the embodiment.
FIG. 9 is a flowchart showing an example of a process (S16) of calculating an index value in the embodiment.
FIG. 10 is a diagram showing a result of processing performed on combination data extracted as certain extraction
data 241;

FIG. 11 is a diagram showing an example of an index value storage unit 250 that stores the calculated index value
in the embodiment.

FIG. 12 is a diagram illustrating an example of an image generated by an image generator 118 in the embodiment.
FIG. 13 is a flowchart showing an example of processing of the causal analysis device 1 according to a second
embodiment.

FIG. 14 is a flowchart showing an example of a process (S17A) of calculating an index value in the embodiment.
FIG. 15 is a diagram showing a result of processing performed on combination data extracted as certain extraction
data 241;

FIG. 16 is a flowchart showing an example of processing of the causal analysis device 1 according to a third
embodiment.

FIG. 17 is a diagram showing a result of processing performed on combination data extracted as certain extraction
data 241;

FIG. 18 is a diagram showing an example of the configuration of a part of a causal analysis device 1A according to
a fourth embodiment.

FIG. 19 is a flowchart showing an example of processing of the causal analysis device 1A according to the embod-
iment.

FIG. 20 is a view showing an example of collection data stored in a collection data storage unit 210A in the embod-
iment.

FIG. 21 is a diagram showing an example of count data 242A in the embodiment.

FIG. 22 is a flowchart showing an example of processing of a causal analysis mode performed by the causal analysis
device 1A according to the embodiment.

[Description of Embodiments]

[0007] Hereinafter, a causal analysis device, a causal analysis method, and a program according to embodiments will
be described with reference to the drawings.

(First embodiment)

[0008] The causal analysis device 1 is a device that outputs information indicating the relationship between a cause
(factor) and a result (incident) using various types of data for analyzing the relationship as an analysis target. FIG. 1 is
a diagram showing an example of a configuration of the causal analysis device 1 according to an embodiment. The
causal analysis device 1 according to the present embodiment includes a communication interface 10, a processor 20
such as a central processing unit (CPU), a random access memory (RAM) 30, a read only memory (ROM) 40, a storage
device 50, a display interface 60, and an input device interface 70. These elements are communicably connected to
each other via a bus or the like in the causal analysis device 1.

[0009] The communication interface 10 performs communication with other devices via a network NW. The network
NW includes a local area network (LAN), a wide area network (WAN), or the like. The communication interface 10
receives collection data collected by the data collection device 2 from the data collection device 2. The collection data
is data (combination data) in which causes (factors) and results (incidents) are associated with each other one to one
or one to two or more.

[0010] The data collection device 2 collects information of various incidents occurring in processes in a production
line and provides the collected information of the various incidents to the causal analysis device 1 as collection data in
some cases. An example of this will be described below, but the present invention is not limited thereto.
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[0011] FIG.2AtoFIG. 2F are diagramsillustrating factors occurring in a production line including a plurality of processes.
As shown in FIG. 2A, the production line has process A, process B, process C, and process D of different types, which
are performed in the order shown. In each of the processes, factors x which can be causes of each incidenty are detected
and a history thereof is managed. For example, as shown in FIG. 2B, the occurrence of factor xa1, factor xa2, factor
xa3, ... in process A is recorded as a log, and information such as the time at which each factor occurred and the content
(event content) of the factor is managed as data. Each factor occurring in the process A is described as factor xa as a
representative.

[0012] Asshownin FIG. 2C, factors xb1, xb2, xb3, ... occur in process B. As shown in FIG. 2D, factors xc1, xc2, xc3,
... occur in process C. As shown in FIG. 2E, factors xd1, xd2, xd3, ... occur in process D. The occurrence of factors in
each process is recorded as a log, and information such as the time at which each factor occurred and the content (event
content) of the factor is managed as data. Factors occurring in process A, process B, and process C are described as
factor xa, factor xb, and factor xc as representatives.

[0013] Further, as shown in FIG. 2F, incidents y occur in the production line and the occurrence of incident ya, incident
yb, incident yc, ... is recorded as a log. Information such as the time at which each incident occurred and the content
(eventcontent) of the incident is managed as data. Each incident that occurs is described as incidenty as a representative.
[0014] In the following description, factors xa, xb, xc, and xd will be described by way of example for simplicity of
explanation. It is assumed that each of the above factors x occurs independently.

[0015] Factors of a plurality of processes may be a related cause of an incident y or a factor of a specific process may
be a cause thereof. For example, when four factors xa, xb, xc, and xd are included among factors x that have occurred,
sets of factors x that can be causes are listed as follows.

[0016] {xa}, {xb}, {xc}, {xd}, {xa, xb}, {xa, xc}, {xa, xd}, {xb, xc}, {xb, xd}, {xc, xd}, {xa, xb, xc}, {xa, xb, xd}, {xa, xc, xd},
{xa, xb, xc, xd}

[0017] The above is an example, and the number of factors x, the suitability of combinations of factors x, the number
of sets of factors x, or the like are not limited to those of the above example.

[0018] The data collection device 2 associates each set of factors x and an incident y relating to the set of factors x
with each other and combines the set of factors x and the incident y which are associated with each other to form
combination data. The data collection device 2 provides the combination data to the causal analysis device 1.

[0019] Itis to be noted that the data collection device 2 may collect the collection data as only data of factors x and
only data ofincidents y separately. In this case, the causal analysis device 1 may generate the combination data according
to the time at which the data is acquired, situations in which the factors x and the incidents y occurred, or the like.
[0020] Description will now return to the description of the causal analysis device 1. The processor 20 develops and
executes the program stored in the ROM 40 or the storage device 50 in the RAM 30 as necessary.

[0021] The RAM 30 temporarily stores the results of processing performed by the processor 20 or the like. The ROM
40 stores a boot program executed by the processor 20 or the like. The storage device 50 is a hard disk drive (HDD) or
a flash memory such as a solid state drive (SSD) or an SD memory card (registered trademark).

[0022] A display device 3 is connected to the display interface 60. The display interface 60 provides image information
generated by the processor 20 to the display device 3. The display device 3 is a liquid crystal display (LCD), an organic
electroluminescence (EL) display device, or the like. The display device 3 displays an image based on the image
information provided via the display interface 60.

[0023] An input device 4 is connected to the input device interface 70. The input device 4 includes a pointing device
such as a mouse, a keyboard, or the like. The input device 4 may also include a drive device to which a portable storage
device is attached.

[0024] FIG. 3 is adiagram showing an example of a functional configuration of the causal analysis device 1 according
to the embodiment. The causal analysis device 1 includes a controller 100 and a storage unit 200.

[0025] The storage unit 200 is realized by any one of the RAM 30, the ROM 40, or the storage device 50. The storage
unit 200 includes a collection data storage unit 210, an extraction condition storage unit 220, a count data storage unit
240, an index value storage unit 250, and an image data storage unit 260.

[0026] The controller 100 includes an acquirer 110, a pattern extractor 112, a counter 114, an index value calculator
116, an image generator 118, and a display controller 120. Each of these functional units included in the controller 100
is realized by the processor 20 executing a program. It is to be noted that some or all of the functional units of the
controller 100 may be hardware functional units such as a large scale integration (LSI), an application specific integrated
circuit (ASIC), or a field-programmable gate array (FPGA).

[0027] The acquirer 110 acquires collection data collected by the data collection device 2 via the communication
interface 10. The acquirer 110 writes the collection data acquired from the data collection device 2 to the collection data
storage unit 210.

[0028] FIG. 4 is a diagram showing an example of collection data stored in the collection data storage unit 210. The
collection data is information in which information items indicating combinations of factors and an incident are associated
with set IDs identifying the information items.
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[0029] The acquirer 110 acquires extraction condition information or the like specifying a condition for extracting data
from the collection data from the input device 4 via the input device interface 70 and writes the acquired extraction
condition information to the extraction condition storage unit 220.

[0030] The pattern extractor 112 reads collection data (combination data) stored in the collection data storage unit
210 and extracts combination data that satisfies a predetermined extraction condition on the basis of the extraction
condition information stored in the extraction condition storage unit 220. The pattern extractor 112 writes the extracted
data as extraction data 241 to the count data storage unit 240.

[0031] For example, the pattern extractor 112 extracts combination data items other than those including incidents y
that have occurred few times from the collection data. Hereinafter, the extracted data is referred to as extraction data.
It is to be noted that the pattern extractor 112 may rearrange the extracted combination data items such that specific
factors or incidents or specific combinations of factors and an incident are grouped or may rearrange the extracted
combination data items in order of the number of factors included in the combination data items.

[0032] FIG. 5is a diagram showing an example of the extraction data 241. The extraction data 241 is information in
which information items indicating combinations of factors and an incident are associated with set IDs identifying the
information items. The set IDs correspond to the set IDs in the collection data shown in FIG. 4.

[0033] The counter (or aggregator) 114 reads the extraction data 241 stored in the count data storage unit 240 and
performs a counting (or aggregating) process for each combination data item included in the extraction data. The counter
114 writes the counting result as count data 242 to the count data storage unit 240. Further, the counter 114 calculates
the reliability on the basis of the extraction data and writes the calculated reliability to the count data storage unit 240
as reliability data 243.

[0034] FIG. 6 is a diagram showing an example of the count data 242. The count data 242 is information in which
information items indicating the numbers of occurrences of combinations of factors and an incident are associated with
combination IDs identifying the types of the combinations. The results of counting that the counter 114 has performed
on the combination data included in the extraction data 241 are written as the number of occurrences of a combination
of factors and an incident.

[0035] FIG. 7 is a diagram showing an example of the reliability data 24 3. The reliability data 243 is data in which the
reliabilities of combination patterns of factors and incidents are associated with combination IDs. For example, the
reliability may be, but is not limited to, a ratio (o/p) between the total number (o) of occurrences of combination data in
the extraction data 241 and the number () of data items, each including all factors included in the combination data,
which is counted without considering the incident. Alternatively, the reliability may be determined, for example, from a
ratio (a/B) between the number (o) of combination data items corresponding to acommon incident among the combination
data included in the acquired data that is to be extracted and the total number () of combination data items included in
the acquired data. By determining the reliability in this way, it is possible to quantify how much data including a matching
set of factors and an incident has occurred among an entire data set including a matching set of factors only. The pattern
extractor 112 may determine the ratio (a/f) calculated as described above as the reliability and thus may extract com-
bination data which is to be counted by the counter 114 on the basis of the reliability.

[0036] FIG. 8 is a flowchart showing an example of processing of the causal analysis device 1 in the embodiment.
First, the acquirer 110 collects collection data via the communication interface 10 and writes the collection data to the
collection data storage unit 210 (S10).

[0037] Next, the pattern extractor 112 reads the collection data stored in the collection data storage unit 210 in S10
and extracts combination data that satisfies a predetermined extraction condition based on extraction condition infor-
mation stored in the extraction condition storage unit 220 (S12). The pattern extractor 112 writes the extracted combination
data as extraction data 241 to the count data storage unit 240. A specific method of the pattern extractor 112 narrowing
down the combination data that is to be analyzed will be described later.

[0038] Next, the counter 114 counts the numbers of occurrences n(y) of incidents y corresponding to the combination
data on the basis of the combination data extracted by the pattern extractor 112 in S12 (S14). The counter 114 writes
the counting result to the count data storage unit 240 as the count data 242 in association with combination IDs.
[0039] The index value calculator 116 refers to the count data 242 stored in the count data storage unit 240 using the
combination IDs and calculates index values of combinations of incidents y and factors x (S16). Thereafter, the index
value calculator 116 writes the calculated index values to the index value storage unit 250. Details of the process of
calculating the index values will be described later.

[0040] The image generator 118 generates image data on the basis of the index values stored in the index value
storage unit 250 (S18). The image generator 118 generates an image from which it is easy to visually identify the
characteristics of the count data 242 and writes image data of the image to the image data storage unit 260.

[0041] The display controller 120 provides the image data such that an image based on the image data stored in the
image data storage unit 260 is displayed on the display device 3 (S20).

[0042] FIG. 9is a flowchart showing an example of an index value calculation process in the embodiment. First, the
index value calculator 116 acquires the numbers of occurrences of all combination data items (or combination data items
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within a target range) included in the count data 242 (S162). Next, the index value calculator 116 calculates an index
value corresponding to each combination of an incident y and a factor(s) x from the numbers of occurrences, obtained
in S162, of a plurality of combination data items including the incident and factor(s) common to the plurality of combination
data items (S164). Next, the index value calculator 116 writes the index value calculated in the second step to the index
value storage unit 250 (S166). The index value calculated as described above changes in accordance with the number
of occurrences of the combination data.

[0043] Itis to be noted that the index value calculator 116 may limit data that is to be set as an analysis target when
calculating the index value in advance according to a predetermined condition.

[0044] FIG. 10 is a diagram showing a result of processing performed on combination data extracted as certain
extraction data 241. In the example of FIG. 10, the extraction data 241 includes combination data PT11, combination
data PT12, and combination data PT13. The combination data PT11 is a pattern in which both a factor xc and a factor
xd have individually occurred and an incident ya has occurred as a result. The combination data PT12 is a pattern in
which both a factor xb and the factor xd have individually occurred and the incident ya has occurred as a result. The
combination data PT13 is a pattern in which both a factor xa and the factor xd have individually occurred and the incident
ya has occurred as a result. The index value calculator 116 selects combination data whose reliability is equal to or
greater than a predetermined value as an analysis target. For example, when selecting combination data whose reliability
is equal to or greater than 1% as an analysis target, the index value calculator 116 excludes the combination data PT13
whose reliability is less than 1% from the analysis target. It is to be noted that setting of the predetermined value used
to determine the reliability is arbitrary without being limited to the above. By selecting combination data using the reliability
in this way, it is possible to select highly correlated combination data which cannot be selected only by the coefficients
of the numbers of occurrences of factor x and incident y.

[0045] In the example of FIG. 10, it is shown that the counter 114 counts the number of occurrences n(PT11) of the
combination data PT11, the counting result is 700, and the reliability is 5%. As described above, the reliability is a ratio
between the number of occurrences n(PT11) of the combination data PT11 among the extraction data 241 (which is the
numerator of the ratio) and the total number of data in which the factor xc and the factor xd have occurred (which is the
denominator of the ratio). It is also shown that the number of occurrences n(PT12) of the combination data PT12 is 100
and the reliability is 2%.

[0046] The index value calculator 116 according to the present embodiment calculates an index value of each com-
bination of factor(s) xi and an incident yj on the basis of the number of occurrences of the pattern of each combination
data item. This will be described below.

[0047] In the present embodiment, the index value is a value obtained by counting the number of combination data
items including a factor(s) and an incident in the counting result data in association with a combination of the factor(s)
and the incident.

[0048] For example, the combination data PT11 and the combination data PT12 include the common incident ya and
the common factor xd. In this case, the index value calculator 116 sums the numbers of occurrences of the patterns
PT11 and PT12 which include the factor xd and the incident ya and determines that an index value corresponding to
the factor xd and the incident ya is 800. Also, for example, a combination of the factor xc and the incident ya is included
only in the combination data PT11. In this case, the index value calculator 116 determines that an index value corre-
sponding to the factor xc and the incident ya is 700. It is to be noted that FIG. 10 shows an example and the present
invention is not limited to the example.

[0049] FIG. 11 is a diagram showing an example of the index value storage unit 250 that stores the calculated index
value. The index value storage unit 250 is, for example, a storage region which has factor x and incident y as labels of
two-dimensional data and in which index values are stored in entries corresponding to the labels.

[0050] The image generator 118 reads the index values stored in the index value storage unit 250 and generates
image data. The image generator 118 generates an image from which it is easy to visually identify the characteristics
of the count data 242 and writes image data of the image to the image data storage unit 260. The above image includes
various graphs, various radar charts, various heat maps, or the like created from the above index values which are
numeric data.

[0051] FIG. 12is a diagram illustrating an example of the image generated by the image generator 118. In the example
of FIG. 12, itis assumed that a heat map is displayed. Theimage generator 118 converts the values of items corresponding
to combinations of a factor x and an incident y in the image data storage unit 260 into image data indicating brightness
or color according to the values.

[0052] Asshownin FIG. 12, the image generator 118 adds image information which is a heat map based on the index
values to a cross table including factors x and incidents y as data labels and generates the image shown in FIG. 12.
The image shown in FIG. 12 is generated, for example, such that the values of entries are determined using threshold
values 500 and 1000 and the brightness of the image of each entry of the cross table is in 3 gradations. The number of
the threshold values and the values are arbitrary and the present invention is not limited thereto.

[0053] The image shown in FIG. 12 is generated, for example, such that the image is darker as the index value is
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greater and is brighter as the index value is smaller. The image shown in FIG. 12 may also be generated such that the
color of the image is closer to red (or blue) as the index value is greater and closer to blue (or red) as the index value
is smaller. Further, the image generator 118 may determine the value of each entry using a plurality of threshold values
and generate an image to be displayed in gradation. The image generator 118 may select threshold values which reduce
variations in the results of division by gradation.

[0054] The display controller 120 reads image data stored in the image data storage unit 260 and provides the image
data through the display interface 60 such that the display device 3 displays an image based on the image data. The
display device 3 displays the image provided via the display interface 60.

[0055] According to the causal analysis device 1 of the above embodiment, extraction is performed from combination
datain which an incidentand one or a plurality of factors causing the incident are associated with each other in accordance
with occurrence of the combination data and the number of occurrences of the incident is counted on the basis of
combinations of an incident and factors included in the combination data. On the basis of the counting result, the causal
analysis device 1A calculates an index value that corresponds to a combination of an incident and a factor(s) and changes
in accordance with the number of occurrences of the combination of the incident and the factor(s). This makes it possible
to more precisely analyze the cause of an incident which is caused by a plurality of factors in combination.

[0056] Further, the causal analysis device 1 counts the number of occurrences of each pattern, creates a cross table
of the counting results and factors, and displays the created cross table as a heat map. This makes it possible to identify
which factor x is the main factor of an incident y at a glance.

[0057] Here, comparison with comparative technologies will be described. For example, there is a technology in which
the numbers of various factors occurring in time series which lead to each result are visualized. In this case, in a method
of visualizing the simple number of occurrences, when many factors uncorrelated with a result have occurred, display
of the factors uncorrelated with the result is emphasized. In particular, when a factor that does not relate to an incident
y normally occurs frequently, the factor should not be emphasized and displayed originally. In such a technology, factors
that should be emphasized and displayed originally are buried among factors (noise) that should not be emphasized
and displayed originally.

[0058] Further, there is a technique in which correlation between incidents and factors is analyzed in advance and
factors that are not correlated with each incident are excluded. In this case, a factor that does not lead to an incident by
itself but leads to the incident for the first time in combination with a plurality of factors is excluded. Also, as the number
of results and factors increases, enormous combination data is extracted. Therefore, when results are simply listed and
displayed, it is sometimes difficult to easily read the results.

[0059] On the other hand, the causal analysis device 1 of the embodiment can solve the problems of the comparative
examples. That is, it is possible to more precisely analyze the cause of an incident which is caused by a plurality of
factors in combination. Furthermore, the causal analysis device 1 of the embodiment visualizes data in the simple form
of a heat map of factors and results, not a list of combination data of factors. Therefore, it is possible to identify which
factor contributes most to each result at a glance.

(Regarding pattern extraction)

[0060] For the purpose of reducing processing load or the like, the causal analysis device 1 may exclude a part of the
collection data from the analysis target and perform a desired analysis process. For example, the pattern extractor 112
performs a pattern extraction process with reference to one or more types of extraction condition information set according
to the purpose. Thus, desired combination data becomes a target of the causal analysis process and combination data
that affects the execution of the causal analysis process is deleted from the target of the causal analysis process. As
each functional unit of the controller 100 adjusts the target of the causal analysis process as described above, the causal
analysis device 1 can perform a desired analysis process.

[0061] For example, the causal analysis device 1 may preset combination data to be analyzed as extraction condition
information and thus perform extraction of combination data included in the collection data. Thereby, the causal analysis
device 1 can easily extract desired combination data even from collection data including combination data in which a
plurality of factors and incidents are combined. In addition, the causal analysis device 1 can more precisely analyze the
cause of an incident which is caused by a plurality of factors in combination.

(Second embodiment)

[0062] A second embodiment will now be described. The second embodiment is different from the first embodiment
in the method of the index value calculator 116 calculating index values. This difference will be mainly described below.
[0063] The index value calculator 116 in the second embodiment performs the processing shown in FIG. 13 instead
of the processing shown in FIG. 8. FIG. 13 is a flowchart showing an example of processing performed by the causal
analysis device 1 according to the second embodiment. Differences from the processing shown in FIG. 8 will be mainly
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described below. After finishing the processing of S14, the counter 114 counts the number of occurrences of combination
data including a common factor x in association with the common factor x on the basis of the extraction data 241 extracted
in S12 (S14A). Thereafter, the counter 114 attaches the combination ID to the counted number of occurrences and
writes the resulting data to the count data storage unit 240 as count data 242.

[0064] Next, the counter 114 calculates the reliability of each combination data item including the common factor and
incident on the basis of the number of occurrences of the combination data item including the common factor calculated
in S14A and the number of occurrences of the combination data item including the common factor and incident calculated
in S14 (S16A). Thereafter, the counter 114 attaches the combination ID to the calculated reliability and writes the resulting
data to the count data storage unit 240 as reliability data 243.

[0065] Next, the index value calculator 116 calculates an index value on the basis of the reliabilities of a plurality of
combination data items including different factors (S17A).

[0066] FIG. 14 is a flowchart showing an example of an index value calculation process in the embodiment. First, the
index value calculator 116 acquires the reliability of a combination of incident y and factor x of each combination data
item from the reliability data 243 using the combination ID as a key (S262). Next, the index value calculator 116 calculates
an index value corresponding to each combination of incident y and factor x from the reliability obtained in S262 using
whether or not there is combination data item including a common factor and incident among a plurality of combination
data items as a calculation condition (S264). Next, the index value calculator 116 writes the index value calculated in
S264 to the index value storage unit 250 (S266).

[0067] Forexample,the index value calculator 116 determines the highest of the reliabilities of combination data items,
each including a common incident and at least one different factor, as an index value. It is to be noted that the highest
is an example and the present invention is not limited thereto.

[0068] Next, the causal analysis device 1 performs the processing of S18 and onward and generates image data
based on the index values described above.

[0069] FIG. 15 is a diagram showing a result of processing performed on combination data extracted as certain
extraction data 241. In the example of FIG. 15, the extraction data 241 includes combination data PT21 and combination
data PT22. The combination data PT21 is a pattern in which both a factor xc and a factor xd have individually occurred
and an incident ya has occurred as a result. The combination data PT22 is a pattern in which both a factor xb and the
factor xd have individually occurred and the incident ya has occurred as a result.

[0070] In the example of FIG. 15, it is shown that the counter 114 counts the number of occurrences n(PT21) of the
combination data PT21, the counting resultis 700, and the reliability is 70%. Itis also shown that the number of occurrences
n(PT22) of the combination data PT22 is 100 and the reliability is 80%.

[0071] As described above, the counter 114 counts (or calculates) the number of occurrences of the pattern of each
combination data item and the reliability thereof. Itis to be noted that FIG. 15 shows an example and the presentinvention
is not limited to the example.

[0072] The index value calculator 116 of the present embodiment calculates an index value of each combination of
factor xi and incident yj on the basis of the reliability of each combination data item. This will be described below.
[0073] In the combination data PT21 and the combination data PT22, the incident Ya and the factor xd are common
and at least the factor xb and the factor xc are different. In the example of FIG. 15, the combination data PT21 and the
combination data PT22 have the common incident Ya and the single common factor xd, and have at least one different
factor. In this case, the index value calculator 116 selects the highest of the reliability of the combination data PT21 and
the reliability of the combination data PT22 as an estimated value of the reliability corresponding to the incident common
to the two combination data items and determines the selected estimated value as an index value corresponding to the
incident Ya and the factor xd. In the case shown in FIG. 15, the reliability of 80% of the combination data PT22 is the
highest and the index value calculator 116 selects the highest value.

[0074] As described above, the index value calculator 116 of the present embodiment calculates an index value of
each combination of factor x and incident y on the basis of the reliability of each combination data item. On the basis of
the reliability data 243 which is the counting result of the counter 114, the index value calculator 116 calculates an index
value from the reliability that corresponds to the combination of incident y and factor x and changes in accordance with
the number of occurrences of the combination of incident y and factor x.

[0075] The index value calculator 116 generates a cross table on the basis of the index value of each combination of
factor x and incident y. Then, the causal analysis device 1 of the present embodiment displays a heat map or the like,
similar to the case of the first embodiment described above.

[0076] According to the second embodiment described above, the index value calculator 116 uses the combination
datato calculate the reliability on the basis of both the total number of combination data items, each including a combination
of common factors, and the number of combination data items, each including a combination of factors and including a
common incident, thereby allowing the causal analysis device 1 to generate image data on the basis of the reliability.
[0077] According to the second embodiment, it is possible to generate an image from which it is possible to easily
identify the reliability of combination data extracted from collection data, while achieving the same advantages as those
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of the first embodiment described above.

[0078] A causal analysis method using the highest of the reliabilities corresponding to an incident common to a plurality
of combination data items as an estimated value of the reliability corresponding to the incident is exemplified in the above
description, but alternatively the average, the sum, or the like of the reliabilities corresponding to the incident may also
be used.

(Third embodiment)

[0079] A third embodiment will now be described. The third embodiment is different from the first embodiment in the
method of the index value calculator 116 calculating index values. This difference will be mainly described below.
[0080] Index values of the present embodiment are calculated as follows.

[0081] The causal analysis device 1 in the third embodiment performs the processing shown in FIG. 16 instead of the
processing shown in FIG. 8. FIG. 16 is a flowchart showing an example of processing of the causal analysis device 1
of the embodiment. Differences from the processing shown in FIG. 8 will be mainly described below. After finishing the
processing of S14, the counter 114 counts the number of occurrences of combination data including a common factor
x in association with the common factor x on the basis of the extraction data 241 extracted in S12 (S14B). Thereafter,
the counter 114 attaches the combination ID to the counted number of occurrences and writes the resulting data to the
count data storage unit 240 as count data 242.

[0082] Next, the counter 114 calculates the reliability of each combination data item including the common factor x
and incident y on the basis of the number of occurrences of the combination data item including the common factor x
calculated in S14B and the number of occurrences of the combination data item including the common factor x and
incident y calculated in S14 (S16B). Thereafter, the counter 114 attaches the combination ID to the calculated reliability
and writes the resulting data to the count data storage unit 240 as reliability data 243.

[0083] Next, the index value calculator 116 calculates an index value that changes in accordance with the number of
occurrences of the combination of the incident y and the factor x on the basis of the product of the number of occurrences
of combination data calculated in S14 and the reliability calculated in S16B (S17B). For example, for each combination
data item, the index value calculator 116 calculates the product of the number of occurrences of the combination data
item calculated in S14 corresponding to the combination ID and the reliability calculated in S16B corresponding to the
same combination ID. When data including a common incident y and factor x is present in target combination data items
to which different combination IDs are attached, the index value calculator 116 sums the products of the combination
data items and sets the sum as the index value. When data including a common incident y and factor x is not present
in target combination data items to which different combination IDs are attached, the index value calculator 116 sets the
products of the combination data items as the index value. As described above, the index value calculator 116 sets a
value based on the product of each combination data item as the index value.

[0084] The causal analysis device 1 generates image data based on the index values calculated as described above.
[0085] FIG. 17 is a diagram showing a result of processing performed on combination data extracted as certain
extraction data 241. The example of FIG. 17 shows the case in which the extraction data 241 includes combination data
PT31 and combination data PT32. The combination data PT31 is a pattern in which both a factor xc and a factor xd
have individually occurred and an incident ya has occurred as a result. The combination data PT32 is a pattern in which
both a factor xb and the factor xd have individually occurred and the incident ya has occurred as a result. In the example
of FIG. 17, it is shown that the counter 114 counts the number of occurrences n(PT31) of the combination data PT31
and the counting result is 500.

[0086] Here, note that the reliability indicating the number of occurrences n(PT31) of the combination data PT31 as
a ratio for the case in which both the factor xc and the factor xd have occurred is 10%. The index value calculator 116
multiplies the number of occurrences 500 of the combination data by the reliability 10% to obtain the product (50). In
the example of FIG. 17, it is also shown that the number of occurrences n(PT32) of the combination data PT32 is 100.
When the data reliability of the combination data PT32 is calculated in the same manner as that of the combination data
PT31, the calculated data reliability of the combination data PT32 is 20%. The index value calculator 116 multiplies the
number of occurrences 100 of the combination data by the reliability 20% to obtain the product (20).

[0087] As described above, the counter 114 counts (or calculates) the number of occurrences of each combination
data item and the reliability thereof.

[0088] Next, description will focus on the counting result of the number of occurrences of the pattern of each combination
data item and the reliability thereof. The incident Ya and the factor xd are common in the combination data PT31 and
the combination data PT32. In this case, the index value calculator 116 sums the products of the two combination data
items and sets the sum as the index value. In short, the index value calculator 116 sets the sum 70 of the product 50 of
the combination data PT31 and the product 20 of the combination data PT32 as the index value.

[0089] As described above, the index value calculator 116 of the present embodiment calculates a value based on
the product of the reliability and the number of occurrences of combination data calculated for each combination data
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item as an index value of the combination of factor x and incident y. The index value calculator 116 generates a cross
table on the basis of the index value of each combination of factor x and incident y. The value in an entry corresponding
to the incident Ya and factor xd in the cross table is as described above and the index value calculator 116 determines
the values of the other entries in the same manner.

[0090] As described above, the causal analysis device 1 of the present embodiment displays a heat map or the like,
similar to the case of the first embodiment described above.

[0091] According to the third embodiment described above, the index value calculator 116 calculates a value based
on the product of the reliability that changes in accordance with the number of occurrences of the combination of incident
y and factor x and the number of occurrences of combination data including the common incident y as an index value
of the combination of the incident y and the factor x. This allows the causal analysis device 1 to generate image data
based on the reliability and the number of occurrences of combination data in the extraction data.

[0092] According to the third embodiment, itis possible to generate an image from which it is possible to easily analyze
the cause of the incident y on the basis of the reliability and the number of occurrences of combination data in the
extraction data, while achieving the same advantages as those of the first embodiment described above.

[0093] The causal analysis device 1 of the third embodiment may perform the above calculation as shown in equation

(2).
(The number of occurrences of combination data of factor x and incident y) x
(reliability)
= (the number of occurrences of combination data of factor x and incident
y)?/(the number of occurrences of a pattern including combination of factors x) ... (2)

[0094] According to the above equation (2), by having a term including the square (a power) of the number of occur-
rences of combination data of factor x and incident y in the numerator, it is possible to set the index value to a higher
value as the number of occurrences increases, as compared to when the number of occurrences is handled linearly.
The calculation shown in the above equation (2) is exemplified by a calculation of the square, but may also include a
calculation of a higher power.

[0095] The causal analysis device 1 exemplified in the first to third embodiments described above may remove a part
of the collection data from the analysis target to perform a desired analysis process for the purpose of reducing processing
load or the like. For example, the functional units of the controller 100 may perform processing through at least one of
the following methods.

(1) Method of narrowing down a pattern of an incident using generated combination data on the basis of a prediction
model that predicts the tendency of generation of combination data on the basis of learning data.

By assuming that an incident that will occur in the future relates to the same cause as that of the incident that has
occurred in the past, it is possible to define the relationship between the incident and the cause as a model (a
prediction model). By extracting desired combination data using the prediction model through the pattern extractor
112, the causal analysis device 1 can narrow down the number of combination data items to analyze the cause.
(2) Method of deleting a specific incident that has occurred a relatively great number of times from the analysis target.
If the number of occurrences of an incident which is not to be analyzed is greater than the number of occurrences
of an incident which is to be analyzed, it may be difficult to analyze the cause. In this case, the pattern extractor 112
deletes a specific incident that has occurred a relatively great number of times from the analysis target. For example,
a determination threshold for determining whether or not an incident is the analysis target is set to a value greater
than the number of occurrences of an incident that is set as the analysis target. The extraction condition storage
unit 220 writes the determination threshold as an extraction condition for performing the extraction process described
above.

(3) Method of deleting combination data having a relatively low occurrence rate (reliability) from the analysis target.
Even when combination data is detected, the number of occurrences of an incident may sometimes be relatively
small compared to the number of occurrences of a combination of factors. The occurrence rate of combination data
is referred to as reliability in the following description. In such a case, the pattern extractor 112 deletes combination
data having a low reliability from the analysis target. The method of calculating the reliability will be described later.
(4) Method of deleting a factor whose number of occurrences is significantly greater than the number of occurrences
of an incident from the analysis target when analyzing the incident whose number of occurrences is significantly
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smaller than the number of occurrences of the factor.

When an incident whose number of occurrences is significantly smaller than the number of occurrences of a factor
is to be analyzed, it may sometimes be presumed that the factor is not a cause of the incident. In this case, the
pattern extractor 112 deletes combinations of the incident whose number of occurrences is significantly smaller than
the number of occurrences of the factor from the analysis target.

(5) Method of deleting combination data in which the time difference between the time at which a factor has occurred
and the time at which an incident has occurred is equal to or greater than a predetermined value.

When it is possible to determine that the time at which a factor that can be a cause has occurred is within a range
notrelating to the incident, the pattern extractor 112 deletes corresponding combination data from the analysis target.

[0096] In the first to third embodiments, the causal analysis device 1 may not perform pattern extraction. That is,
although the first to third embodiments have been exemplified by examples in which the reliability and the index value
are calculated on the basis of the number of occurrences of combination data extracted by the pattern extractor 112, at
least one of the reliability and the index value may be calculated on the basis of the number of occurrences of combination
data included in the collection data.

(Fourth embodiment)

[0097] A fourth embodiment will now be described. A description will be given of the case in which the causal analysis
device 1A generates extraction condition information in the fourth embodiment. For example, the case in which the
causal analysis device 1 acquires the extraction condition information is shown in the first to third embodiments. On the
other hand, the causal analysis device 1A of the fourth embodiment analyzes the correlation between incidents and
factors on the basis of collection data acquired in the past, generates extraction condition information with the analysis
result as an extraction condition, and performs a causal analysis process on the basis of the generated extraction
condition information. This point will be mainly described below.

[0098] FIG. 18 is adiagram showing an example of the configuration of a part of a causal analysis device 1A according
to the embodiment. The causal analysis device 1A includes a controller 100A and a storage unit 200A. Differences from
the causal analysis device 1 described above will be mainly described.

[0099] The storage unit 200A includes a collection data storage unit 210, an extraction condition storage unit 220, a
count data storage unit 240, an index value storage unit 250, an image data storage unit 260, and a history data storage
unit 270.

[0100] The history data storage unit 270 has the same configuration as the count data storage unit 240, and count
data which is a result of causal analysis performed in the past is written to history data storage unit 270.

[0101] The controller 100A includes an acquirer 110, a pattern extractor 112, a counter 114, an index value calculator
116, an image generator 118, a display controller 120, and an extraction condition generator 130.

[0102] The extraction condition generator 130 generates extraction condition information based on a result of causal
analysis performed in the past and stores the generated extraction condition information in the extraction condition
storage unit 220. The extraction condition generator 130 may generate extraction condition information including com-
bination data in which it is determined that there is a correlation between an incident y and a factor y as a result of causal
analysis performed in the past but the present invention is not limited thereto.

[0103] The extraction condition generator 130 controls execution of a learning mode for generating extraction condition
information and a causal analysis mode for analyzing the cause of an incident using the generated extraction condition
information. Details of the learning mode and the causal analysis mode will be described later.

[0104] FIG. 19 is a flowchart showing an example of processing of the causal analysis device 1A according to the
embodiment.

[0105] First, the extraction condition generator 130 determines an operating mode (S5). Upon determining that the
operating mode is the learning mode, the extraction condition generator 130 performs the processes of S10 to S30 for
generating extraction condition information as processes of analyzing the correlation between the factor x and the incident
y. In each of the processes of S10 to S16 A, the causal analysis device 1A performs the same process as that of the
causal analysis device 1A of the second embodiment described above.

[0106] Next, the extraction condition generator 130 transfers each data item in the count data storage unit 240 to the
history data storage unit 270. The extraction condition generator 130 selects combination data having the highest
reliability on the basis of data stored in the history data storage unit 270 as data corresponding to the reliability data 243.
The extraction condition generator 130 writes the selected combination data as extraction condition information to the
extraction condition storage unit 220 (S30).

[0107] Inthe above description, the extraction condition generator 130 selects the combination data having the highest
reliability. However, alternatively, one or a plurality of combination data items may be selected. For example, when a
plurality of combination data items are extracted, data items whose reliabilities are higher than a predetermined value
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such as an average of reliabilities corresponding to the incident may be extracted and a predetermined number of data
items which are selected in descending order of reliability may be extracted.

[0108] On the other hand, upon determining in S5 that the operating mode is the causal analysis mode, the extraction
condition generator 130 performs a causal analysis process based on new collection data and causes the analysis result
to be visualized (S40).

[0109] An example of the processing of the causal analysis mode performed as S40 will be described below. In the
case of the following example, the data collection device 2 forms combination data including information indicating a
combination of the factor x described above as new collection data for the processing of the causal analysis mode. The
data collection device 2 provides the combination data to the causal analysis device 1A.

[0110] A configuration of the causal analysis device 1A for performing the processing of the causal analysis mode will
now be described with reference to FIG. 18. The storage unit 200A further includes a collection data storage unit 210A
and count data 242A. The controller 100A further includes an acquirer 110A and a counter 114A. Differences between
the controller 100 described above and the controller 100A and differences between the storage unit 200 described
above and the storage unit 200A will be mainly described below.

[0111] The acquirer 110A acquires combination data including information indicating a combination of the factor x
from the data collection device 2 as acquired data and writes the acquired data to the collection data storage unit 210A.
[0112] FIG. 20 is a diagram showing an example of collection data stored in the collection data storage unit 210A.
The collection data is information in which information indicating a combination of factors is associated with a set ID
identifying the information.

[0113] The counter 114A reads the collection data stored in the collection data storage unit 210A, performs a counting
process for each combination data item stored as extraction condition information in the extraction condition storage
unit 220, and writes the result as count data 242 to the count data storage unit 240A. For each combination data item
in the extraction condition information in the collection data stored in the collection data storage unit 210A, the counter
114A obtains a result of counting the number of data items, each including all factors included in the combination data
item, through the above counting, without considering the incident y.

[0114] FIG. 21 is a diagram showing an example of the count data 242A. The count data 242A is information in which
information indicating the number of occurrences of a combination of factors is associated with a combination ID identifying
the type of the combination. A result of counting that the counter 114A has performed on the combination data included
in the collection data stored in the collection data storage unit 210 is written as the number of occurrences of the
combination of factors.

[0115] FIG. 22 is a flowchart showing an example of processing of the causal analysis mode performed by the causal
analysis device 1A in the embodiment. Differences from FIG. 8 will be mainly described. First, the acquirer 110 acquires
the collection data via the communication interface 10 (S10C). Thereafter, the acquirer 110 writes the acquired collection
data to the collection data storage unit 210.

[0116] Next, the counter 114A counts the number of occurrences of a combination of factors x corresponding to
combination data on the basis of the acquired data collected by the acquirer 110 in S10 (S 14C). The counter 114A
writes the counting result to the count data storage unit 240 as the count data 242 in association with combination IDs.
[0117] Next, the index value calculator 116 refers to the count data 242 stored in the count data storage unit 240 using
the combination IDs and calculates index values of combinations of incidents y and factors x (S16). Thereafter, the index
value calculator 116 writes the calculated index values to the index value storage unit 250. For example, the index value
calculator 116 counts the number of occurrences of each pattern as in the above examples shown in FIG. 9 and FIG.
10 or the like. Next, the image generator 118 generates image data on the basis of index values stored in the index
value storage unit 250 (S18) and provides the generated image data (S20).

[0118] According to the causal analysis device 1A of the above embodiment, extraction is performed from combination
datain which an incidentand one or a plurality of factors causing the incident are associated with each other in accordance
with occurrence of the combination data and an extraction condition is generated. The causal analysis device 1A counts
the number of occurrences of each combination of factors on the basis of combinations of an incident and factors included
in the combination data. On the basis of the counting result, the causal analysis device 1A calculates an index value
that corresponds to a combination of an incident and a factor and changes in accordance with the number of occurrences
of the combination of the incident and the factor. This makes it possible to more precisely analyze the cause of an
incident which is caused by a plurality of factors in combination.

[0119] According to the causal analysis device 1A of the above embodiment, the extraction condition generator 130
can generate extraction condition information from a result of causal analysis of collection data acquired in the past such
that specific combination data in which it is determined that there is a correlation between an incident y and a factor x
is included in combination data to be extracted. By performing the extraction process on the basis of such extraction
condition information, the causal analysis device 1A does not leak out a combination of factors included in combination
data detected in the past from the extraction condition. This allows the causal analysis device 1A to increase the efficiency
and reliability of the extraction process.
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[0120] Itisto be noted that a plurality of combination data items may be included in the extraction condition information
generated by the extraction condition generator 130. The extraction condition generator 130 may set the priority of
combination data such that a desired combination data item is preferentially selected from a plurality of combination
data items.

[0121] According to the fourth embodiment described above, the extraction condition generator 130 generates the
extraction condition information, thereby allowing the causal analysis device 1A to perform a process of extracting
combination data based on combination data extracted from collection data of the past.

[0122] According to the fourth embodiment, while achieving the same advantages as those of the first embodiment
described above, it is possible to use combination data extracted from collection data of the past in causal analysis of
the combination data in collection data which has been newly collected such that the combination data extracted from
the collection data of the past is not leaked out from that for the causal analysis. According to the fourth embodiment, it
is also possible to generate an image from which it is possible to easily identify the reliability of combination data.

(First modification of fourth embodiment)

[0123] Afirst modification of the fourth embodiment will now be described. In the first modification, processing including
the processes of S10 to S20 in FIG. 8, 13, or 16 may be performed instead of the processes shown in FIG. 22, that is,
instead of the processing of the causal analysis mode performed as S40, but the present invention is not limited thereto.
[0124] According to the first modification of the fourth embodiment, itis possible to take combination data of an incident
and factors as a target of the processing of the causal analysis mode, while achieving the same advantages as those
of the fourth embodiment described above.

(Second modification of fourth embodiment)

[0125] A second modification of the fourth embodiment will now be described. In the above description of the process
of S40, the data collection device 2 forms combination data indicating a set of factors x. On the other hand, in the second
modification, data of each individual factor x may be provided to the causal analysis device 1A without forming data
indicating a set of factors x. In this case, for example, the causal analysis device 1A (the acquirer 10C) may convert
data acquired from the data collection device 2 into data indicating a set of factors x on the basis of combination data
stored in the extraction condition storage unit 220. The causal analysis device 1A may also write the converted data to
the collection data storage unit 210.

[0126] According to the second modification of the fourth embodiment, it is possible to perform causal analysis even
on data of each individual factor x where the acquired data does not form a set of factors x, while achieving the same
advantages as those of the fourth embodiment described above.

[0127] According to at least one of the embodiments described above, the causal analysis device includes the pattern
extractor 112, the counter 114, the index value calculator 116, and the image generator 118. The pattern extractor 112
performs extraction from combination data in which an incident and one or a plurality of factors causing the incident are
associated with each other in accordance with occurrence of the combination data. The counter 114 counts the number
of occurrences of the incident or the number of occurrences of the combination of the plurality of factors on the basis of
the combination of the incident and the factors included in the combination data. The index value calculator 116 calculates
an index value that corresponds to the combination of the incident and the factors and changes in accordance with the
number of occurrences of the combination of the incident and the factors on the basis of the counting result of the counter.
The image generator 118 generates an image in which an image indicating the index value that the calculator has
calculated for each combination of an incident and factors is associated with the combination of the incident and the
factors. This makes it possible to more precisely analyze the cause of an incident which is caused by a plurality of factors
in combination.

[0128] While some embodiments of the present invention have been described, these embodiments have been pre-
sented by way of example and are notintended to limit the scope ofthe invention. These embodiments can be implemented
in various other forms, and various omissions, substitutions, and changes can be made without departing from the gist
of the invention. These embodiments and modifications thereof are included in the scope or gist of the invention, as well
as in the scope of the invention described in the claims and their equivalents.

[0129] For example, the pattern extractor 112 may extract combination data on the basis of any of the number of
specific data items indicating the occurrence amount of combination data, the reliability thereof, the occurrence frequency,
the density ratio, and a ratio between the number of combination data items corresponding to a common incident y and
the total number of combination data items, instead of the number of occurrences of combination data corresponding
to a common incident y. Here, the ratio between the number of combination data items corresponding to a common
incident y and the total number of combination data items is, for example, a ratio between the number of combination
data items corresponding to a common incident among combination data items included in data that is to be extracted
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and the total number of combination data items included in the data.

[0130] When the occurrence situation of incident y differs depending on the order in which factors x are combined,
the pattern extractor 112 may extract such combination data items as different combination data. This allows the causal
analysis device 1 of the embodiment to separately analyze combination data items in which factors x are combined in
different orders.

[0131] The pattern extractor 112 or the counter 114 may count the number of occurrences of an incident in combination
data before the combination data is extracted. For example, the pattern extractor 112 or the counter 114 may use
combination data included in the acquired data as the combination data before extraction. The pattern extractor 112 or
the counter 114 counts the number of occurrences of the incident in the acquired data and uses the counted number of
occurrences of the incident as the count data 242 in the count data storage unit 240. This makes it possible to acquire
the occurrence situation of the incident in the combination data included in the data before extraction. Further, the causal
analysis device 1 can visualize a result of analysis performed on the basis of the number of occurrences of the incident
in the combination data before extraction.

[0132] Itis to be noted that the pattern extractor 112 may apply data including a combination of a common factor x as
specific data indicating the occurrence amount of combination data.

[0133] Itis to be noted that the collection data set to be analyzed by the causal analysis device 1 of the embodiment
may include information such as time series information including time information, position information indicating the
position, or logical information indicating a logical relationship with other data according to the usage of the data to be
analyzed.

[0134] Further, the causal analysis device 1 of the embodiment may be applied, for example, to causal analysis of
resulting incidents in state management of a product in operation or progress analysis of product selection in Internet
shopping, in addition to the causal analysis of incidents in the production line described above, or may perform a causal
analysis process according to the application. These show examples of applications different from the embodiments,
but the present invention is not limited thereto. For example, when performing causal analysis of a resulting incident in
state management of a product in operation, the causal analysis device 1 may use an event that has occurred during
operation of the product as a factor and use a result that has occurred in association with the event as an incident.
Further, when analyzing user preferences or the like in Internet shopping or the like, the causal analysis device 1 may
use products selected as candidates during product purchase as factors and use a finally selected product as an incident.

[Reference Signs List]
[0135]

1, 1A Causal analysis device

100, 100 Controller

110 Acquirer

112 Pattern extractor

114, 114A Counter

116 Index value calculator

118 Image generator

120 Display controller

130 Extraction condition generator
200, 200A Storage unit

Claims
1. A causal analysis device comprising:

an extractor configured to extract combination data from data in which an incident and one or a plurality of
factors causing the incident are associated with each other in accordance with occurrence of the incident;

a counter configured to count the number of occurrences of the incident or the number of occurrences of a
combination of the plurality of factors on the basis of a combination of the incident and the factors included in
the combination data;

a calculator configured to calculate an index value that corresponds to the combination of the incident and the
factors and changes in accordance with the number of occurrences of the combination of the incident and the
factors on the basis of a result of the counting of the counter; and

a generator configured to generate an image in which an image indicating the index value calculated by the
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calculator for each combination of the incident and the factors is associated with the combination of the incident
and the factors.

The causal analysis device according to claim 1, wherein the calculator is configured to calculate the number of
occurrences of the combination of the incident and the factors as an index value of the combination of the incident
and the factors.

The causal analysis device according to claim 1, wherein the counter is configured to refer to the combination data
and to calculate a reliability of a combination of a factor and a combination of an incident on the basis of the number
of combination data items, each including a combination having the factor as a common factor, and the number of
combination data items including the incident as a common incident among combination data items, each including
the combination of the common factor, and

the calculator is configured to calculate the index value on the basis of the calculated reliability.

The causal analysis device according to claim 1, wherein the counter is configured to calculate a reliability of a
combination of a factor and a combination of an incident on the basis of the number of combination data items, each
including a combination having the factor as a common factor, and the number of combination data items including
the incident as a common incident among combination data items, each including the combination of the common
factor, and

the calculator is configured to calculate a value calculated on the basis of a plurality of the reliabilities calculated
from the combination data in which at least the incident is common as an index value of a combination of the incident
and the factor.

The causal analysis device according to claim 1, wherein the counter is configured to calculate a reliability of a
combination of a factor and a combination of an incident on the basis of the number of combination data items, each
including a combination having the factor as a common factor, and the number of combination data items including
the incident as a common incident among combination data items, each including the combination of the common
factor, and

the calculator is configured to calculate a value based on the product of a reliability calculated on the basis of the
number of combination data items including the common incident and the number of combination data items including
the common incident as an index value of a combination of the incident and the factor.

The causal analysis device according to claim 1, wherein the calculator is configured to calculate an index value of
a combination of an incident and a factor on the basis of both the number of combination data items, each including
a combination having the factor as a common factor, and a power of the number of combination data items, each
including the combination of the factor and including the incident as a common incident, on the basis of the combi-
nation data.

The causal analysis device according to any one of claims 1 to 6, wherein the extractor is configured to extract the
combination data on the basis of an occurrence amount of the combination data corresponding to the common
incident.

The causal analysis device according to any one of claims 1 to 6, wherein the extractor is configured to extract the
combination data that is to be counted by the counter on the basis of a ratio between the number of combination
data items corresponding to a common incident among combination data items included in the data to be extracted
and the total number of the combination data items included in the data.

The causal analysis device according to any one of claims 1 to 8, wherein the extractor is configured to extract
combination data items in which factors are combined in different orders as different combination data.

The causal analysis device according to any one of claims 1 to 9, wherein the counter is configured to count the
number of occurrences of an incident in the combination data before the combination data is extracted or the number
of occurrences of a combination of a plurality of factors in the combination data before the combination data is
extracted.

The causal analysis device according to any one of claims 1 to 10, wherein the calculator is configured to calculate

an index value of the combination of the incident and the factor on the basis of a result of extraction of the extractor
and a result of counting of the counter.
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12. A causal analysis device comprising:

an acquirer configured to acquire data in which one or a plurality of factors causing an incident are associated
with each other as combination data;

a counter configured to count the number of occurrences of the incident or the number of occurrences of a
combination of the plurality of factors on the basis of a combination of the incident and the factors included in
the combination data;

a calculator configured to calculate an index value that corresponds to a combination of the incident and the
factors and changes in accordance with the number of occurrences of the combination of the incident and the
factors on the basis of a result of counting of the counter; and

a generator configured to generate an image in which an image indicating the index value calculated by the
calculator for each combination of the incident and the factors is associated with the combination of the incident
and the factors.

13. A causal analysis method comprising:

extracting combination data from combination data in which an incident and one or a plurality of factors causing
the incident are associated with each other in accordance with occurrence of combination data;

counting the number of occurrences of the incident or the number of occurrences of a combination of the plurality
of factors on the basis of each combination of factors included in the combination data;

calculating an index value of the combination of the incident and the factors on the basis of a result of the
counting; and

generating an image in which an image indicating the index value calculated for each combination of the incident
and the factors is associated with the combination of the incident and the factors.

14. A program causing a computer to:

extract combination data from combination data in which an incident and one or a plurality of factors causing
the incident are associated with each other in accordance with occurrence of combination data;

count the number of occurrences of the incident or the number of occurrences of a combination of the plurality
of factors on the basis of each combination of factors included in the combination data;

calculate an index value of the combination of the incident and the factors on the basis of a result of the counting;
and

generate an image in which an image indicating the index value calculated for each combination of the incident
and the factors is associated with the combination of the incident and the factors.
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